Surgical treatment of patients with acute type A aortic dissections has improved early survival from 10-20 to approximately 80%. Data supporting several other treatment recommendations in patients with aortic dissection, however, are less convincing. We hypothesized that applying strict principles of evidence-based medicine would invalidate most of the recommendations in these published papers. We conducted a literature search asking three questions: (1) Is the use of routine circulatory arrest and an 'open distal' anastomosis technique better than traditional aortic cross clamping? (2) Does a persistent false lumen in the distal aorta wall have an adverse influence on long-term event-free survival? and (3) Is primary surgical or medical treatment of patients with Stanford acute type B dissections preferable in terms of long-term event-free survival? We searched Entrez Pubmed (National Library of Medicine) for all papers on these topics from 1980 to January 2003. Screening 3164 papers identified using the search terms 'aortic dissection' and 'treatment' yielded 15 papers fulfilling a set of a priori inclusion criteria. No study had a design that allowed unequivocal conclusions; moreover, the heterogeneity in study design and patient populations precluded formal meta-analysis. The difficulties inherent in conducting stringent clinical studies addressing various treatment strategies for patients with aortic dissection hamper their quality and weaken their recommendations for different treatment options. Specifically, no conclusive evidence exists favoring use of an open distal anastomosis in patients with acute type A dissections or complete elimination of flow in the distal aortic false lumen; similarly, medical therapy of patients with acute type B aortic dissections has no proven advantage over surgical treatment. q
Introduction
An increasing demand for rigorous documentation of treatment effectiveness is emerging in the medical community, and the concept of a quality hierarchy of medical data has evolved [1, 2] . Studies are ranked from the strong prospective randomized trial to case-matched observational studies to the lowest-ranked observational studies based on historical controls [3] . The traditional presentation of retrospective clinical series has been assigned low merit, associated with numerous potential flaws thus making conclusions suspect [4] . Large, carefully conducted, prospective, randomized studies, on the other hand, are rare in most surgical specialties [5] . The demand for more rigorous documentation has mainly come from the fields of internal medicine and epidemiology [2] , but, paradoxically, coronary artery bypass surgery is one of the best-documented treatments in all of medicine [6] . To what extent this development can and should be applied to other aspects of thoracic and cardiac surgery continues to be hotly debated.
We conducted a literature search based on guidelines from the American Medical Association [7, 8] to answer three questions related to the treatment of aortic dissections. First, we asked whether the routine use of an open distal anastomosis using circulatory arrest is better than aortic cross clamping only, reserving profound hypothermic circulatory arrest for selected patients with acute type A aortic dissections? Second, for these same patients does a persistently patent distal aortic false lumen postoperatively adversely influence long-term outcome? Third, is primary surgical or medical treatment of patients with acute Stanford type B dissections preferable in terms of long-term 'eventfree' survival? In this review we assessed the documented support for these various treatment options and factors traditionally thought to influence long-term outcome and survival.
Methods
The study was conducted as a structured literature review [7, 8] . The three questions constituting the aims were formulated before the literature search, and all three were constructed in a manner comparing two clearly defined factors. The first was a comparison between use of circulatory arrest and an 'open distal' aortic anastomosis (i.e. no aortic cross clamp) in patients with acute Stanford type A dissections versus routine use of aortic cross clamping reserving circulatory arrest only for dissections where transverse arch repair was necessary. The second was a comparison between the effects on long-term outcome of a thrombosed or closed versus a persistently patent distal aortic false lumen. Lastly, we addressed the question of whether surgical or medical treatment of patients with uncomplicated acute Stanford type B dissections provided the best event-free outcome (i.e. no aortic dilatation, rupture, reoperation or death). These questions were selected as being clinically important-yet widely debated-treatment principles which lended themselves to direct comparison. Thus, the supportive evidence for accepting one treatment method or the other potentially could be evaluated.
The literature search was conducted by searching PubMed (National Library of Medicine) using the words 'aortic dissection' and 'treatment'. Predefined criteria for study inclusions were: studies containing 20 or more patients with the desired two-group comparisons published after 1980 with at least the abstract if not the entire paper in the English language; fewer than 20 patients in one study was accepted if a clear interventional and control group were found. The reference lists in the papers found were searched for additional papers matching the same inclusion criteria. No abstract, unpublished data, or personal communications were included. Papers were excluded if the average follow-up was shorter than 1 year or the specific end points (e.g. rupture, reoperation or death) could not be clearly defined. Patient follow-up studies were excluded if they contained selected cases only or had incomplete follow-up, unequal observation periods between groups, and/or lacked adequate definition of treatment-to-patient links. Series were also excluded if they did not single out one of the three main questions under analysis, or a surrogate for one of the aims could be deduced. No case reports were included. Studies were classified as randomized trials or case-control studies or retrospective patient series (follow-up studies). A meta-analysis was planned if four homogenous studies with the same treatments and equal end points were identified in any of the main groups [9] . The titles and studies were evaluated in a screening process by the first author. The results of such selection or rejection of studies were reviewed by the other authors.
Results
The complete search provided 3164 'hits' using the words aortic dissection or aortic dissection and treatment. The papers were initially screened by evaluating title only; when fulfillment of inclusion criteria was deemed possible, the abstracts or the full papers were then reviewed. Also, the reference lists of these papers were assessed. A total number of 1566 titles were reviewed.
No randomized trials were found for any aspect of the treatment of patients with aortic dissections. A total of six studies fulfilling the inclusion criteria was found addressing the question of a treatment benefit for an open distal anastomosis (Table 1) . These included one patient series (follow-up study) and five studies using a case-control design, all using historical controls from the same institution. The patient series (study 1 in Table 1 ) did not specifically address the question of a treatment benefit for an open distal anastomosis, but 'circulatory arrest' was substituted for this technique as an approximation. The use of circulatory arrest did not significantly affect outcome. Four of the remaining five studies had defects in study design as mentioned under 'Comments' in Table 1 . A lower 60-day mortality rate was reported in one of these five studies using the open distal technique. No long-term results (beyond 5 years) were found in the literature review. The heterogeneity of the patient samples in the studies [15] precluded a meaningful meta-analysis.
Studies addressing the effect of a persistent false lumen on long-term outcome are presented in Table 2 . We found three studies using a case-control design and two retrospective patient series which addressed this issue, but all had defects in study design as explained in 'Comments' in Table 2 . Two reports found a connection between a persistently patent false lumen and increased diameter of some segment of the downstream aorta. No studies demonstrated a connection between persistent false lumen and a higher likelihood of rupture or reoperation. One study reported an adverse influence of a persistently patent false lumen on long-term survival.
Comparative studies between primary surgical and medical treatment of patients with uncomplicated acute type B dissections are presented in Table 3 . Only four reports fulfilling our criteria were found, again with inadequate study designs (see Comments in Table 3 ). No differences in survival were demonstrated between the two treatments. 
Discussion
In a landmark paper on aortic dissections [10] Crawford and coworkers stated: "Ideally, a randomized trial should be conducted to determine the indications for including the arch in all replacement operations for acute DeBakey type I aortic dissections. However, because of the variability that can be expected among patients with acute dissections involving the ascending aorta, a large group of patients would be required, and a very long-term follow-up would be necessary to determine the probability of freedom from unfavorable outcome events. Such a study will probably not be done". This statement points directly to the problems connected with statistical evaluation of different treatments options in patients with aortic dissections. Due to the acuity, life-threatening nature, relative rarity, and treatment difficulties related to this serious disease, the best methods to evaluate treatment outcomes, viz. randomized trials and rigorously matched cohort or case-control observational studies are hard to conduct, if not impossible. Therefore, the majority of papers published in this field are purely descriptive outcome studies or case reports. As surgical techniques and postoperative care have been evolved, clinical results have improved [10] . There is no doubt that aggressive surgical treatment has saved a large number of lives compared to medical therapy only; the 'natural history' of acute type A dissections with medical therapy alone would predict a 90-day mortality rate in the range of 70 -90%, whereas hospital mortality rates currently are in the 10 -20% range [25, 26] . A treatment effect of this magnitude does not need further validation other than documentation from multiple patient series that such results are reproducible [4] . On the other hand, to prove the effectiveness of other adjunctive measures in the present era, particularly intra-operative prophylactic procedures with potential salutary effects that one would not expect to become manifest for many years after operation, will be exceptionally difficult, as demonstrated in the present analysis. The three questions addressed are central principles of surgical treatment and surrounded by long standing controversy. Strict assessment of published studies revealed that no high quality studies exist which provide unequivocal support to answer any of the three questions in the affirmative (the studies presented in the tables represent the closest to fulfilling the inclusion criteria). Thus, the demand for rigorously designed clinical efficacy studies have not yet been satisfied for aortic dissection.
Whether or not an open distal technique should be routinely used could not be answered conclusively from the presently available publications. The six studies comparing the two most commonly applied techniques all have major structural weaknesses, and all used historical controls. The substantial advances that have occurred in cardiac surgery during this period [27] make the validity of using historical controls dubious, at best. Most available reports also lack necessary information related to patient selection and specific treatment methods; patient sample size, lack of truly long-term (10 -15 years) outcome data, and incomplete follow-up are other limitations. Thus, despite the fact that five of the six studies did not demonstrate a statistically significant beneficial effect on survival of the open technique, this could easily have been due to a type II statistical error (lack of significance due to a small patient sample).
Likewise, whether or not a persistently patent downstream aortic false lumen adversely influences long-term outcome cannot be determined convincingly from existing data. The three studies which did include a control group could not demonstrate an adverse effect of a patent false lumen. These studies, however, either had unequal matching, were too small and/or included follow-up which was too short to address the question in a statistically sound manner. The notion of striving to eliminate flow in the distal aortic false lumen has been a mainstay of surgical treatment for acute aortic dissection for decades, and its potential merit has been mentioned in three papers published during the 1970s [28 -30] ; however, these papers were excluded from the screening process because they were published before 1980. Nonetheless, deficiencies in the design of these studies cannot answer conclusively whether or not a thrombosed false lumen significantly influences long-term outcome. Since it is intuitive that rigorous blood-pressure control and negative inotropic therapy might protect the distal aorta from dilating postoperatively, this important question still needs to be answered. Such information is even more important given that stent-grafting of patients with both acute type B [31] or chronic type B [32] aortic dissections is now being performed; in the chronic dissection cases especially, it is almost a certainty that the distal aortic false lumen will remain patent after stentgrafting due to mixing of blood through numerous flap fenestrations between the true and false lumens. Lastly, only four studies were found that met our inclusion criteria which compared primary surgical and medical treatment of patients with acute type B aortic dissections, another long-standing controversy. Conservative medical treatment of most patients with uncomplicated acute type B dissections is the treatment of choice at most institutions around the world. The studies here are relatively small with no proper randomization; however, clear support for surgical treatment was not found in either. The natural history of patients with acute type B dissections is not quite as dismal as for those with acute type A dissections [25, 26] , and the surgical results are not better either [25, 26] . Therefore, primary medical therapy for patients with uncomplicated acute type B aortic dissections probably has merit despite the lack of sound scientific proof. Improvement in surgical results [24, 33] could well alter this.
Treatment of patients with aortic dissection has evolved to a refined surgical approach to replace the most lifethreatening portions of the aorta, modulated by seasoned surgical judgment and Kirklin's 'plight-to-treat' [34] in a disease with a grave natural prognosis. Future treatment refinements, including more prophylactic surgical and more less-invasive stent-graft-based interventions [31, 32] , will demand more rigorous documentation based on prospective multi-center registries [26] and, hopefully, multi-center, prospective randomized trials. The tremendous difficulties surrounding documentation of the efficacy of treatments in an uncommon and life-threatening disease, such as acute aortic dissection, should not prevent investigators in the field from refining clinical study designs in order to enhance scientific validity. The use of evidence-based principles in medicine is sadly not possible today based on the extant literature. It is our responsibility to improve data collection, study design, and statistical methodology; it can be accomplished.
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